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Abstract
A search for pair-produced scalar electron, muon and tau leptons has been performed
using a data sample corresponding to an integrated luminosity of 10.1 pb
 1
at a centre-
of-mass energy of
p
s = 161 GeV collected with the OPAL detector at LEP. Such events
would yield an acoplanar pair of leptons with signicant missing energy in the nal state.
No excess of acoplanar lepton pair events has been observed in the data. Limits are
presented on the production cross-sections of charged scalar leptons. Exclusion regions
are also presented in the framework of the Minimal Supersymmetric Standard Model.
A 95% C.L. lower limit on the right-handed selectron mass of 71.5 GeV is obtained for
tan  1:5, jj  200 GeV and m
~
0
1
= 12:0 GeV. A 95% C.L. lower limit on the right-
handed smuon mass of 51.0 GeV is obtained for m
~
0
1
= 12.0 GeV, independent of tan
and .
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The OPAL Collaboration
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1 Introduction
In Supersymmetry (SUSY) [1] models each elementary particle is accompanied by a supersym-
metric partner whose spin diers by half a unit. Each lepton has two scalar partners, the right-
and left-handed scalar leptons (sleptons) denoted
~
`
R
and
~
`
L
, according to the helicity states
of their non-SUSY partners. In electron-positron collisions, sleptons could be pair-produced
through s-channel processes involving a Z
0
or a . Scalar electrons (selectrons, ~e) could also
be produced through t-channel neutralino exchange enhancing the selectron production cross-
section compared to those for the scalar muon (smuon, ~) and scalar tau (stau, ~ ). In the
following we will make the assumption that a new multiplicative quantum number, R-parity [2],
which discriminates between ordinary and supersymmetric particles, is conserved and that the
lightest neutralino, ~
0
1
, is the lightest supersymmetric particle (LSP). These assumptions imply
that supersymmetric particles are always pair-produced and always decay promptly through
cascade decays to ordinary particles and ~
0
1
. The ~
0
1
is stable and escapes detection due to its
weakly interacting nature.
In this letter, we report on a direct search for events with an acoplanar pair of leptons with
signicant missing energy in the nal state. This topology is the typical experimental signature
for charged scalar lepton pair production:
e
+
e
 
!
~
`
+
~
`
 
,
~
`

! `

~
0
1
,
where `

is the corresponding charged lepton. For the purpose of our charged slepton searches,
the more complicated topologies which would arise from cascade decays if the next-to-lightest
neutralino, ~
0
2
, and the lightest charginos, ~

1
, are lighter than the sleptons are not investigated
as search topologies since the
~
`

! `

+ ~
0
1
decay mode is expected to be dominant in most of
the cases.
In the following, the Minimal Supersymmetric extension of the Standard Model (MSSM) [3]
is used as a reference model, although the results reported here are also valid in a broader
context. In the framework of the MSSM, under the assumption of a common scalar mass m
0
at the Grand Unication (GUT) scale, all sparticle masses (but not the Higgs boson masses)
and couplings are completely determined by m
0
and a set of three parameters: M
2
, the SU(2)
gaugino mass parameter at electroweak scales
1
; , the mixing parameter of the two Higgs
doublets; and tan  = v
2
=v
1
, the ratio of the vacuum expectation values for the two Higgs
doublets. In these constrained MSSM models, right-handed sleptons are always lighter than
their left-handed counterparts, and the cross-section for production of right-handed sleptons is
usually smaller than that for left-handed ones of the same mass. The MSSM mass limits, under
the assumption of a common scalar mass m
0
at the GUT scale, were conservatively calculated
using cross-sections corresponding to right-handed slepton production. We have also computed
limits on scalar lepton pair-production in the MSSM framework without the assumption of a
common m
0
at the GUT scale, but instead under the assumption of mass degeneracy between
right- and left-handed scalar lepton states.
We have used an analysis similar to the one described in reference [4] searching for events
containing a pair of isolated electrons, muons or taus in association with signicant missing
1
We assume that M
1
, the U(1) gaugino mass at electroweak scales, is related to M
2
by the usual gauge
unication condition: M
1
=
5
3
tan
2

W
M
2
.
4
momentum using 10.1 pb
 1
of data collected by the OPAL detector at a centre-of-mass energy
2
p
s = 161 GeV, in the rst LEP2 data-taking during the summer of 1996. At this energy the
background due to `
+
`
 
 nal states from W
+
W
 
pair-production is expected to be sizeable.
The results obtained here improve on the existing limits presented by the LEP collabora-
tions [4], [5].
2 The OPAL Detector
A complete description of the OPAL detector can be found in Ref. [6] and only a brief overview
is given here.
The central detector consists of a system of tracking chambers providing charged particle
tracking over 96% of the full solid angle
3
inside a 0.435 T uniform magnetic eld parallel to the
beam axis. It consists of a two-layer silicon microstrip vertex detector, a high precision drift
chamber, a large volume jet chamber and a set of z chambers measuring the track coordinates
along the beam direction. A lead-glass electromagnetic (EM) calorimeter located outside the
magnet coil covers the full azimuthal range with excellent hermeticity in the polar angle range of
j cos j < 0:82 for the barrel region and 0:81 < j cos j < 0:984 for the endcap region. The magnet
return yoke is instrumented for hadron calorimetry (HCAL) and consists of barrel and endcap
sections along with pole tip detectors that together cover the region j cos j < 0:99. Four layers
of muon chambers cover the outside of the hadron calorimeter. Electromagnetic calorimeters
close to the beam axis complete the geometrical acceptance down to 24 mrad, except for the
regions where a tungsten shield is present to protect the detectors from synchrotron radiation.
These include the forward detectors (FD) which are lead-scintillator sandwich calorimeters
and, at smaller angles, silicon tungsten calorimeters (SW) [7] located on both sides of the
interaction point. The gap between the endcap EM calorimeter and the FD is instrumented
with an additional lead-scintillator electromagnetic calorimeter, called the gamma-catcher.
3 Monte Carlo Simulation
The Monte Carlo program SUSYGEN [8] was used to generate samples of simulated right-
handed ~e
+
~e
 
, ~
+
~
 
and ~
+
~
 
events for various slepton masses. The most important parame-
ters for the slepton detection eciency are the mass of the slepton, m
~
`
, and the mass dierence
between the slepton and the lightest neutralino, m  (m
~
`
  m
~
0
1
). Samples of
~
`
+
~
`
 
events
were generated for 40 combinations of (m
~
`
;m
~
0
1
) at
p
s = 161 GeV. At each point, 2000 ~e
+
~e
 
,
1000 ~
+
~
 
and 1000 ~
+
~
 
events were generated.
There are several sources of background to the slepton signals. Two-photon processes are
the most important background for the case of a small dierence between m
~
`
and m
~
0
1
, since
the total measured transverse momentum relative to the beam direction for the signal becomes
small and similar to that of two-photon processes. The Vermaseren [9] generator was used to
2
Although our best estimate for the centre-of-mass energy is 161.3  0.2 GeV, the nominal energy was used
in this analysis.
3
The OPAL coordinate system is dened so that the z axis is in the direction of the electron beam, the
x axis is horizontal and points towards the centre of the LEP ring, and  and  are the polar and azimuthal
angles, dened relative to the +z- and +x-axes, respectively. The radial coordinate is denoted as r.
5
estimate the background contribution from all e
+
e
 
`
+
`
 
nal states. Four-fermion processes
constitute a serious potential background. We used the PYTHIA [10] and PHOJET [11] Monte
Carlo generators to simulate hadronic events from two-photon processes where the virtual mass
Q
2
of both photons is smaller than 1 GeV
2
and the invariant mass squared of the photon-photon
system (m
2

) is greater than 4 GeV
2
. For events with higher Q
2
, the PYTHIA generator was
also used, with the condition m
2

> 3 GeV
2
.
Four-fermion processes with two neutrinos and two electrons or muons in the nal state also
constitute a potentially serious background since their cross-sections are large at centre-of-mass
energies above the W
+
W
 
threshold. We used the EXCALIBUR [15] generator to simulate
events for all types of four-fermion processes, including W
+
W
 
pair production. The PYTHIA
generator was used to simulate e
+
e
 
! (=Z)

e
+
e
 
events and was also used to simulate
multihadronic events, although these events are not expected to contribute signicantly to the
background.
The KORALZ [12] event generator was used for the generation of 
+

 
() and 
+

 
()
events and the BHWIDE [13] event generator was used for the generation of e
+
e
 
() events.

+

 
() events are a potential source of background for the topology of two acollinear leptons
because neutrinos emitted from  -decays carry away energy and momentum. The contributions
from  nal states were evaluated using the NUNUGPV [14] event generator.
All generated events were processed through the full simulation of the OPAL detector [16],
and the same event analysis chain was applied to simulated events as to the data.
4 Description of the Analysis
The analysis has been designed to maintain good eciency while reducing the overall back-
ground, mainly due to `
+
`
 
 nal states from W
+
W
 
pair production, to a low level.
4.1 Event Preselection
To be considered in the analysis, tracks in the central detector and clusters in the electromag-
netic calorimeter were required to satisfy the normal quality criteria employed in the analysis
of Standard Model lepton pairs [17].
First, we applied multihadronic, cosmic and Bhabha scattering vetoes:
 Events were rejected if N
trk
+N
clus
> 18, where N
trk
is the number of tracks in the central
detector and N
clus
is the number of clusters in the electromagnetic calorimeter.
 Cosmic ray events were rejected using an algorithm described in the analysis of Standard
Model muon pairs [17].
 Bhabha scattering events were identied and then vetoed as described in [18].
At the preselection level, it was also required that the ratio of the number of tracks satisfying
the quality criteria to the total number of reconstructed tracks is greater than 0.2 in order to
reduce backgrounds from beam-gas and beam-wall events. The visible energy, the visible mass
6
and the total transverse momentum of the event were calculated using the method described
in [19]. Tracks from converted photons were rejected using the algorithm employed in the
analysis of Standard Model muon pairs [17]. Finally, the number of good charged tracks was
required to be at least two and the minimum event missing transverse momentum p
miss
t
to be
greater than 2 GeV.
4.2 Lepton Identication
Only tracks with j cos j < 0.95 were considered for lepton identication.
Electrons A track was selected as an electron candidate if any of the following criteria were
satised:
 The output probability of a neural net algorithm as described in [20] was greater
than 0.8.
 A standard electron selection algorithm as described in [21] for the barrel region or
in [22] for the endcap region was satised.
 0:5 < E=p < 2:0, where p is the momentum of the electron candidate and E is the
energy of the electromagnetic calorimeter cluster associated with the track.
Muons A track was selected as a muon candidate according to the criteria employed in the
analysis of Standard Model muon pairs [17]. That is, the track had associated activity
in the muon chambers or hadron calorimeter strips or it had a high momentum but was
associated with only a small energy deposit in the electromagnetic calorimeter.
Taus Tau candidates were selected by requiring that:
 There were at most three tracks within a cone of 35

half-opening angle centred on
a track.
 The invariant mass computed using all good tracks and EM clusters within the above
cone was less than 3 GeV.
For muon and electron candidates the momentum was estimated from the charged track
momentum measured in the central detector while for tau candidates the momentum was
estimated from the vector sum of the measured momenta of the charged tracks within the tau
cone.
4.3 Event Selection
To select slepton candidates, the following criteria were applied:
(1) To reduce the background from two-photon processes and multihadronic events, the total
energy deposited in each silicon tungsten calorimeter had to be less than 5 GeV, less than
2 GeV in each forward calorimeter, and less than 5 GeV in each side of the gamma-catcher.
7
(2) The background from two-photon processes and \radiative return" events (e
+
e
 
! Z,
where the  escapes down the beam pipe) was reduced by requiring that the polar angle
of the missing momentum direction, 
miss
, satised j cos 
miss
j < 0:9. Figure 1(a) shows
the j cos 
miss
j distribution after cut (1) has been applied and requiring that the event
contains two identied leptons.
(3) To further reduce the residual background from Standard Model lepton pair events, it was
also required that M
vis
=
p
s < 0:80, where M
vis
is the event visible mass.
(4) Events had to contain exactly two well-identied and oppositely-charged leptons each with
a transverse momentum with respect to the beam axis greater than 1 GeV. Figure 1(b)
shows the lepton transverse momentum distribution after cuts (1) to (3) have been applied
and requiring that the event contains two identied leptons.
(5) The acoplanarity angle
4
(
acop
) between the two leptons was required to be greater than
10

in order to reject Standard Model leptonic events, and smaller than 175

in order to
reduce the background due to photon conversions. The acoplanarity angle distribution
is shown in Figure 1(c) after cuts (1) to (4). The acollinearity angle
5
(
acol
) was also
required to be greater than 10

and smaller than 175

.
(6) To reduce the background due to radiative leptonic events it was required that there be
no unassociated electromagnetic cluster with an energy larger than 25 GeV in the event.
(7) In order to reduce occasional two-photon events with high transverse momentum, dierent
cuts on the missing momentum and its direction were applied in the regions of small and
large acoplanarity. For events with small acoplanarity (
acop
< 1:2 rad), a cut on a
miss
t
was applied, where a
miss
t
is the component of the missing momentum vector perpendicular
to the event thrust axis in the plane transverse to the beam axis. For events with large
acoplanarity (
acop
> 1:2 rad), a cut on p
miss
t
was applied. A further subdivision according
to the visible energy of the event (E
vis
) was applied in order to optimize the selection
eciencies for the entire possible range of m varying from 2.5 GeV to 80 GeV.
1. Cuts in the small acoplanarity region:
(a) If E
vis
=
p
s < 0:06, then a
miss
t
=
p
s > 0.015.
(b) If E
vis
=
p
s > 0:06, then a
miss
t
=
p
s > 0.020.
2. Cuts in the large acoplanarity region:
(a) If E
vis
=
p
s < 0:06, then p
miss
t
=
p
s > 0.025.
(b) If E
vis
=
p
s > 0:06, then p
miss
t
=
p
s > 0.04.
(c) The event transverse momentum computed without the hadron calorimeter was
required to be larger than 0.02 
p
s. This cut rejects events with a large mea-
sured transverse momentum due to uctuations in the hadron calorimeter.
Figure 1(d) shows the a
miss
t
distribution after cuts (1) to (5) for the small acoplanarity
region.
4
The acoplanarity angle, 
acop
, is dened as 180

minus the opening angle between the directions of the
momentum components of the two lepton candidates in the x  y plane.
5
The acollinearity angle, 
acol
, is dened as 180

minus the three-dimensional angle between the directions
of the momentum vectors of the two lepton candidates.
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(8a) To reduce the background due to ee events where one electron and one muon escape
detection, a kinematic cut was applied when one electron and one muon are identied
in the nal state, with both leptons having 4 < p < 15 GeV and 2 < p
t
< 10 GeV.
In this type of ee event, the undetected muon is emitted at a small polar angle while
the undetected electron escapes down the beam pipe. The momentum direction of the
undetected muon is calculated using total momentum conservation and assuming the
existence of an electron with the beam energy emitted along the z axis in the opposite
direction to the observed electron. Events with such a \calculated muon track" emitted
with a polar angle  such that j cos j > 0.98 were rejected. This cut aects only the stau
search and reduces the estimated background in this channel.
(8b) The background from two-photon processes and W
+
W
 
pair production was further
reduced by requiring that the two identied leptons be two electrons or two muons for
the selectron and smuon searches, respectively. This selection criterion was not applied
in the stau search.
The numbers of events remaining after each cut are listed in Table 1. For comparison,
the table also shows the corresponding numbers of simulated events for background processes
and the detection eciencies for three samples of simulated
~
`
+
~
`
 
events. The poor agreement
prior to cut (4) between the data and Monte Carlo expectation is due partly to beam related
backgrounds and partly to missing simulated events for hadronic two-photon processes in the
region of m
2

< 4 GeV
2
with Q
2
< 1 GeV and m
2

< 3 GeV
2
with Q
2
> 1 GeV and to
incomplete modelling of two-photon processes. After cut (4) when the two-photon processes
have been eectively reduced, the agreement between data and Monte Carlo is good. Using
10.1 pb
 1
of data, the expected background from all Standard Model processes considered is
estimated to be 3.23 events for the ~ search, 2.73 of which are due to four-fermion processes. Of
these 2.73 events W
+
W
 
semileptonic decays are the dominant source. For the same integrated
luminosity, the expected total background from Standard Model processes is estimated to be
1.37 events for the ~e and ~ searches together, 1.24 of which are due to four-fermion processes.
4.4 W
+
W
 
Background Reduction
The number of background events remaining after the selection cuts described in Section 4.3
is composed of a rather large contamination from W
+
W
 
leptonic decays. The momentum
distributions of leptons resulting from slepton decays are peaked at dierent values when com-
pared to those from the W
+
W
 
leptonic decays, especially for small m values. To reduce
the W
+
W
 
background, cuts on the visible energy of the event, E
vis
, and on the momenta of
the more energetic lepton and on the less energetic lepton of the event in the (E
vis
; p
`
) plane
(where p
`
is the lepton momentum) can be applied for each lepton. Those cuts reduce the
W
+
W
 
background while they reduce by a much smaller amount the eciencies for selecting
slepton pairs. Identical cuts have been applied for the ~e
+
~e
 
and ~
+
~
 
searches. For the ~
+
~
 
search, due to the additional presence of neutrinos in the nal state, more stringent cuts in
the (E
vis
; p
`
) plane have been applied. The cuts dened to reduce the W
+
W
 
background are
summarized in Table 2.
Some typical eciencies after the W
+
W
 
background reduction cuts for selecting selectron,
smuon and stau pair events are summarized in Table 3. The quoted errors are systematic
uncertainties due to Monte Carlo statistics.
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Data Total ff() e
+
e
 
ff 4-fermion ~e
+
~e
 
~
+
~
 
~
+
~
 
Backg. (%) (%) (%)
m
~
`
(GeV) 75 75 75
m (GeV) m
~e
/2 m
~
/2 m
~
/2
Preselection 10683 6678.46 406.11 6247.52 24.83 91.1 93.2 89.4
cut (1) 4839 3336.36 306.95 3017.95 11.46 90.5 92.6 88.9
cut (2) 3009 2168.89 138.83 2022.41 7.65 82.4 83.3 81.2
cut (3) 2878 2094.02 66.49 2021.64 5.89 82.4 83.3 81.2
cut (4) 611 639.12 38.94 596.03 4.15 78.9 80.0 60.3
cut (5) 179 188.46 4.33 180.79 3.34 73.8 73.3 54.4
cut (6) 177 185.16 1.08 180.78 3.30 73.1 73.3 53.3
cut (7) 4 3.55 0.18 0.63 2.74 70.2 72.9 39.9
cut (8a) 4 3.23 0.18 0.32 2.73 70.2 72.9 39.3
cut (8b) 2 1.37 0.08 0.06 1.24 68.8 72.8 39.3
Table 1: The remaining numbers of events normalized to the integrated luminosity of the
data for various Monte Carlo background processes are compared with data (rst
column) after each cut. Eciencies for three simulated event samples of ~e
+
~e
 
,
~
+
~
 
and ~
+
~
 
are also given (last three columns) for m
~
`
= 75 GeV and m =
(m
~
`
 m
~
0
1
) = 37:5 GeV. The poor agreement at the early stages of the analysis is
detailed in the text.
Table 4 gives the total background expectation from all Standard Model processes using an
integrated luminosity of 10.1 pb
 1
for the ve m values considered for the selectron, smuon
and stau searches, respectively.
The systematic errors on the number of signal events expected that have been considered
are: the statistical error on the determination of eciency from the
~
`

Monte Carlo simulation;
the systematic error on the integrated luminosity of 0.6% [23]; the systematic error due to the
trigger eciency was estimated to be negligible because of the lepton transverse momentum
requirement; the ineciency due to forward detectors false vetoes was estimated to be 2.3%;
the uncertainty due to the interpolation of the eciencies was estimated to be 2%; the lepton
identication uncertainty was estimated to be 3.5%; the systematic uncertainty due to dierent
angular distributions (possible for selectron pair production via the t-channel) of produced
m (GeV) E
min
vis
=
p
s E
max
vis
=
p
s p
max
2
=E
beam
p
min
1
=E
beam
p
max
1
=E
beam
~e; ~ ~ ~e; ~ ~ ~e; ~ ~ ~e; ~ ~ ~e; ~ ~
3
a)
{ { 0.4 0.15 0.10 0.10 { { 0.15 0.15
5 { { 0.5 0.25 0.20 0.15 { { 0.25 0.25
10 { { 0.6 0.25 0.30 0.20 { { 0.50 0.25
m
~
`
/2 { { { 0.40 { 0.30 { 0.05 { 0.50
m
~
`
{ 0.04 { 0.50 { 0.35 { 0.05 { 0.50
Table 2: Denition of the cuts used to reduce the background from W
+
W
 
pairs for ve m
values. The cuts are optimized separately for the smuon and selectron searches,
and for the stau search. E
vis
is the event visible energy, p
1
is the momentum of the
more energetic lepton and p
2
is the momentum of the less energetic lepton.
a)
For
the selectron case the m value that was generated was 2.5 GeV instead of 3 GeV.
10
~e
+
~e
 
~
+
~
 
~
+
~
 
m
~
`
(GeV) m (GeV) Eciency (%) Eciency (%) Eciency (%)
60 3
a)
18.50.9 27.41.4 0.80.3
60 5 41.81.1 48.11.6 7.70.8
60 10 58.61.1 64.71.5 22.11.3
60 m
~
`

=2 62.21.1 71.71.4 32.91.5
60 m
~
`

61.11.1 70.81.4 30.71.5
75 3
a)
15.20.8 29.11.4 0.80.3
75 5 46.31.1 45.51.6 8.20.9
75 10 64.81.1 63.01.5 22.51.3
75 m
~
`

=2 68.81.0 72.81.4 37.51.5
75 m
~
`

68.21.0 72.71.4 35.91.5
Table 3: Detection eciencies in percent for slepton pair production using samples of simu-
lated events for two dierent selectron, smuon, and stau masses and ve dierent
m = (m
~
`

 m
~
0
1
) values.
a)
For the selectron case the m value that was generated
was 2.5 GeV instead of 3 GeV. The errors are due to Monte Carlo statistics only.
Slepton avour m (GeV)
3
a)
5 10 m
~
`
=2 m
~
`
~e
+
~e
 
0.05 0 0.10 1 0.34 1 0.70 1 0.70 1
~
+
~
 
0.0 0 0.01 0 0.16 0 0.67 1 0.67 1
~
+
~
 
0.21 1 0.44 1 0.46 1 1.12 1 1.45 2
Table 4: Total expected background and observed events in data for an integrated luminosity
of 10.1 pb
 1
for the selectron, smuon and stau searches for 5 dierent m = (m
~
`
 
m
~
0
1
) values after having applied cuts in the (E
vis
; p
`
) plane.
a)
For the selectron case
the smallest m value that was generated was 2.5 GeV.
sleptons and decay products was estimated for six dierent MSSM parameter sets, representing
dierent neutralino eld contents (gaugino/higgsino) and couplings, and calculated to be at the
level of 1%. The systematic errors were considered to be independent, and the total systematic
error was calculated as a quadratic sum of the individual errors. The total systematic error is
incorporated into the limits using the method described in Reference [24].
5 Results
Four events have been accepted by the cuts described in Section 4.3 after cut 8a. This is
compatible with the expected background from Standard Model processes of 3.23 events. One
of the events is removed by theW
+
W
 
background reduction criteria for all the slepton channels
and for all mass dierences. Therefore three events remain, for at least some values of m,
after the W
+
W
 
reduction criteria. One event contains two tracks that satisfy the electron
identication criteria, one with a momentum of 19.2 GeV and the other one with a momentum
of 7.3 GeV; it is classied as a selectron candidate for m  5 GeV; it is also classied as a stau
candidate for m> m
~
`
=2. This event however contains also an electromagnetic cluster and two
energetic hadronic clusters not associated to the two electron tracks which we would not expect
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in a typical selectron pair-produced event. The second event contains two identied muons
with momenta of 50.6 GeV and 22.5 GeV, respectively; it is classied as a smuon candidate for
m  m
~
`
=2. The third event contains an electron and a tau lepton candidate with momenta of
7.4 GeV and 11.9 GeV, respectively, and is classied as a stau candidate for all m values. As
shown in Table 4, the number of events observed in the data is compatible with the expected
background from Standard Model sources after W
+
W
 
rejection cuts. In computing limits,
no background subtraction was performed. The three events described above have been taken
as slepton candidates in the (m
~
`
;m
~
0
1
) regions where they are kinematically compatible by
considering the measured momenta of the observed leptons and the errors on the momenta.
Three approaches are used to present slepton production limits. In the rst one, upper
limits on production cross-sections as a function of slepton and ~
0
1
masses were calculated with
minimal model assumptions. In the second one, limits on the slepton masses were calculated
in the framework of the MSSM, under the assumption of a common scalar mass m
0
at the
GUT scale. We have used the branching ratios for the decay
~
`

! `

~
0
1
predicted by the
MSSM, and we have conservatively assumed no experimental sensitivity to other decay modes.
In the third approach, limits on the slepton masses were calculated in the framework of the
MSSM, but without the assumption of a common scalar mass at the GUT scale. In this case
we have instead assumed mass degeneracy between the right- and left-handed scalar leptons.
Following this assumption the total cross-section, 
tot
, for producing a scalar lepton can be
written 
tot
= 
RR
+ 
LL
+2  
LR
for selectron pair-production and 
tot
= 
RR
+ 
LL
for scalar
muon pair-production, where 
RR
, 
LL
and 
LR
are respectively the production cross-sections
for a pair of right-right, left-left and left-right sleptons. As in the second approach we have
used the branching ratios for the decay
~
`

! `

~
0
1
predicted by the MSSM, and we have
conservatively assumed no experimental sensitivity to other decay modes.
Upper limits on the slepton production cross-sections at the 95% C.L. for
~
`
+
~
`
 
are shown in
Fig. 2. These limits do not depend on the details of SUSY models, except for the assumptions
that the decay
~
`! `~
0
1
has 100% branching ratio and that the ~
0
1
does not decay.
The MSSM limits have been computed combining these data collected at
p
s = 161 GeV,
together with data previously collected at
p
s = 130   136 GeV [4]. In the MSSM the pair-
production cross-section for ~e is enhanced by the presence of the t-channel diagram, especially
for jj M
2
(gaugino region). Figure 3(a) shows the 95% C.L. exclusion limits for right-handed
selectrons, for three possible values of  and for tan  = 1.5. The chosen values of  were:  1000,
 200 GeV and the minimum value
6
not excluded by OPAL's chargino and neutralino search [25]
for this value of tan . The selectron pair-production cross-section decreases with decreasing
values of jj, therefore the rst case of the highest value, at  =  1000 GeV, corresponds to the
most favourable case, while considering the minimum possible value of  results in the smallest
number of expected events and the worst case scenario. For the central value of  =  200 GeV
and in the case of a massless ~
0
1
, a right-handed selectron with a mass lighter than 71.8 GeV is
excluded at the 95% C.L. When considering the present OPAL mass limit [25] on ~
0
1
for these
MSSM parameters, a 95% C.L. lower limit on the selectron mass of 71.5 GeV is derived for m
~
0
1
= 12.0 GeV. Since the cross-section for selectron pair-production also increases for increasing
6
For this value of tan, this is the smallest value of  allowed by the chargino and neutralino search [25] at
p
s = 161 GeV, assuming that the minimum m
0
condition in that paper yields the most conservative exclusion
region. For a given point in the (m
~
0
1
,m
~e
) plane, this minimum  value minimizes the right-handed selectron
pair production cross-section. We therefore considered that using this minimum  value provides the most
conservative exclusion region.
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values of tan, the limits that we present are valid for any value of tan   1.5. These limits
improve on the results described in Reference [4].
With the luminosity available it is now possible to improve on the LEP1 limits on smuon
pair-production in the MSSM framework. The cross-section for smuon pair-production does
not depend on the value of tan or of . Therefore the limits shown in gure 3(b) are valid
for every value of these MSSM parameters. In the case of a massless ~
0
1
, a right-handed smuon
with a mass lighter than 48.7 GeV is excluded at the 95% C.L. When considering the present
OPAL mass limit on ~
0
1
for these MSSM parameters a 95% C.L. lower limit on the smuon mass
of 51.0 GeV is derived for m
~
0
1
= 12.0 GeV.
Due to the lower detection eciencies we cannot yet improve on the LEP1 limits on scalar
tau pair-production.
Figure 4(a) shows the 95% C.L. exclusion limits for scalar electron pair-production, using a
value of  =  200 GeV and for tan = 1.5, assuming degenerate masses for ~e
R
and ~e
L
. Figure
4(b) shows the 95% exclusion limits for scalar muon pair-production, assuming degenerate
masses for ~
R
and ~
L
.
6 Conclusions
We have performed a search for charged scalar leptons using the data collected by the OPAL
detector at
p
s = 161 GeV during the summer of 1996. The experimental signature for
~
`
+
~
`
 
(where
~
` = ~e; ~; ~ ) is an acoplanar pair of charged leptons (` = e; ;  ) with missing momentum
carried away by the neutralinos.
No excess of events with these characteristics has been observed in the data. Limits on
the pair-production cross-sections for charged scalar leptons have been computed. Exclusion
regions have been delineated in the framework of the MSSM. A 95% C.L. lower limit on the
right-handed selectron mass of 71.5 GeV is obtained for tan   1:5, jj  200 GeV and
m
~
0
1
= 12:0 GeV. A 95% C.L. lower limit on the right-handed smuon mass of 51.0 GeV is
derived for m
~
0
1
= 12.0 GeV. The limit for smuon pair-production does not depend on the
value of tan  or , and is therefore valid for any values of these parameters. The mass limits
for pair-produced left-handed selectrons and smuons would be higher and therefore the limits
presented here are to be considered as conservative.
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Figure 1: Distributions of (a) the cosine of the polar angle of the missing momentum direction;
(b) the transverse momentum, p
t
, of lepton candidates; (c) the acoplanarity angle between the
two lepton candidates; and (d) a
miss
t
of the events for the small acoplanarity region (with no
cut on E
vis
). Data are shown as points and the sum of all Monte Carlo background processes is
shown as solid lines. Distributions are shown after certain cuts have been applied as described
in the text. The discrepancies observed in some regions of the plots are due to missing simulated
events for hadronic two-photon processes in the region of m
2

< 4 GeV
2
with Q
2
< 1 GeV and
m
2

< 3 GeV
2
with Q
2
> 1 GeV and to incomplete modelling of two-photon processes. The
dotted histogram shows ~
+
~
 
Monte Carlo events for m
~
= 75 GeV and m
~
0
1
= 65 GeV. The
simulated signal events are normalized using the MSSM predicted cross-section (multiplied by
1000) and the integrated luminosity for this data sample. The arrows indicate the positions of
the cuts.
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Figure 2: Slepton pair production cross-section upper limits at 95% C.L. for (a) selectrons,
(b) smuons and (c) staus, assuming the decay mode
~
`

! `

~
0
1
. The kinematic limit at
p
s = 161 GeV is shown as the dashed line.
17
Selectron mass (GeV)
N
eu
tr
al
in
o 
m
as
s (
Ge
V)
0
10
20
30
40
50
60
70
80
45 50 55 60 65 70 75 80
Excluded
Region
a)
 Minimum |µ| 
µ = –200 GeV
µ = –1000 GeV
OPAL tan β = 1.5
Smuon mass (GeV)
N
eu
tr
al
in
o 
m
as
s (
Ge
V)
0
10
20
30
40
50
60
70
80
45 50 55 60 65 70 75 80
Excluded
Region
b)
OPAL
Figure 3: MSSM exclusion region for (a) ~e
+
R
~e
 
R
production in the (m
~e
R
;m
~
0
1
) plane at 95% C.L.
for the three values of  described in the text and tan = 1.5, using the MSSM predicted
production cross-section and branching ratio for
~
`

! `

+ ~
0
1
. (b) MSSM exclusion region
for ~
+
R
~
 
R
production in the (m
~
R
;m
~
0
1
) plane at 95% C.L. The kinematic limit is shown as the
dashed line. The dotted line shows the current OPAL ~
0
1
lower mass limit for tan  = 1.5.
These plots include data collected at
p
s = 161 GeV, described in this letter, together with
data collected previously at
p
s = 130   136 GeV [4].
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Figure 4: (a) MSSM exclusion region for ~e
+
~e
 
production in the (m
~e
;m
~
0
1
) plane at 95% C.L. for
 =  200 GeV and tan  = 1.5, assuming mass degeneracy between the right- and left-handed
slepton counter-parts, using the MSSM predicted production cross-section and branching ratio
for
~
`

! `

+ ~
0
1
. (b) MSSM exclusion region for ~
+
~
 
production in the (m
~
;m
~
0
1
) plane at
95% C.L. assuming mass degeneracy between the right- and left-handed slepton counter-parts.
The kinematic limit is shown as the dashed line. The dotted line shows the current ~
0
1
lower
mass limit for tan   1.5. These plots include data collected at
p
s = 161 GeV, described in
this letter, together with data collected previously at
p
s = 130   136 GeV [4].
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